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Abstract 
This study illustrated the genetic algorithms (GA) is useful tool in wavelength selection for the spectrophotometric 
determination of vitamin B12 in pharmaceutical tablets by partial least-squares calibration procedure (PLS).  Because 
of interference in the spectra, a training set of the mixtures of vitamin B12 and tablet excipients was built to be used as 
calibration set for modeling.  The absorption spectra of all solutions were recorded each 1 nm in the range 354-600 
nm, using 0.1N hydrochloric acid as solvent.  A validation set was employed to verify the models and a commercial 
sample was analysed.  GA-PLS model leads to 86% improvement of predictive ability for vitamin B12, when 
comparing with full spectrum PLS model.  It is concluded that only some variables in GA-PLS modeling are relevant 
for prediction and removing the non-relevant variables can improve the predictive capability. 
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of I-SEEC2011 
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1. Introduction 
Vitamin B12 (cyanocobalamine, C63H88CoN14 O14P) is the name generally used for a group of related 
cobalt-containing compounds.  Vitamin B12, a water-soluble vitamin, occurs in the body mainly as 
methylcobalamin (mecobalamin) and as adenosylcobalamin (cobamamide) and hydroxocobalamin.  
Mecobalamin and cobamamide act as coenzymes in nucleic acid synthesis.  Mecobalamin is also closely 
involved with folic acid in several important metabolic pathways.  Vitamin B12 deficiency can occur in 
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strict vegetarians with an inadequate dietary intake and leads to the development of megaloblastic 
anaemias and demyelination and other neurological damage.  Oral vitamin B12 preparations are widely 
used in the treatment or prevention of vitamin B12 deficiency of dietary origin [1]. 
In literature, there are many reports of the quantitative determination of vitamin B12 separately or in 
combination with other drugs [2-4].  The favorite method is high-performance liquid chromatography 
(HPLC).  Although, HPLC method has many advantages i.e. good selectivity, accuracy, and precision.  It 
requires the expensive instrument, long analysis time, and high maintenance cost.  Moreover, it requires 
sample clean up prior inject to the column when comparing with spectrophotometric techniques.  Because 
of the lack of specificity of the UV-absorption of components in a multicomponent drug formulation due 
to spectral overlap, the direct method of this technique may be difficult.  Recently, chemometrics with 
spectrophotometry such as partial least-squares (PLS) have been found to play important roles in 
analytical chemistry.  PLS is useful for the resolution of complex mixtures of analytes and the spectra of 
which are strongly overlapping [5].  Although PLS is usually considered as a full spectrum method, 
several literatures show an improving predictive capability when variable selection is performed before 
multivariate calibration.  Various different techniques have been published for wavelength selection [6-8].  
Genetic algorithms (GA) technique is one of the most interesting techniques for wavelength selection.  
GA-based wavelength selection procedure for use with PLS regression has been successfully implemented 
to accomplish optimization of the wavelengths selected in the range of spectra composed of hundreds of 
data points [9].  
GA is an optimization and search technique based on the principles of genetics and natural selection.  It 
allows a population composed of many individuals to evolve under specified selection rules to a state that 
maximizes the “fitness” (also refer to minimize the error function).  A GA for wavelength selection 
includes at least four basic genetic operators: initialization of chromosome population, selection according 
to a fitness function, crossover to produce new offspring, and random mutation of new offspring to 
increase chromosomes in the new population.  A complete discussion of genetic algorithms can be found 
in ref. 10. 
In this study, we have applied partial least-squares model with a previous wavelength selection by 
genetic algorithms (GA-PLS) to the determination of vitamin B12 in tablet preparation containing vitamin 
B1, vitamin B6, and interfering excipients using UV-VIS spectrophotometry.  This application leads to the 
improving predictive ability for determination of the component of interest in a pharmaceutical 
formulation. 
2. Experimental 
2.1. Reagents and chemicals 
All experiments were performed with pharmaceutical-grade vitamin B and analytical-grade reagents.  
The commercial pharmaceutical product and tablet excipients were kindly supplied by manufacturer 
(SEA PHARM Co.,Ltd., Thailand).  Stock solution of vitamin B12 (80 mg L-1) was prepared by dissolving 
accurately weighed amounts of the drugs in 0.1N hydrochloric acid.  
2.2. Apparatus and software
Electronic absorption measurements were carried out on a Shimadzu UV160A spectrophotometer 
connected to a computer loaded with Shimadzu UVPC software, using quarts cells with a 1-cm path 
length.  The absorption spectra of all test and reference solutions were recorded each 1 nm in the range 
354-600 nm.  The obtained data were processed by a Pentium IV computer having 512 MB for RAM 
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(Windows XP operating system).  Genetic algorithms and PLS were performed by PLS_Toolbox 2.0 [11] 
under MATLAB software [12]. 
2.3. Calibration set and validation set 
Artificial, a training set of twelve samples was built to be used as calibration set for PLS and GA-PLS 
model.  The compositions of the mixtures used in the calibration set were varied to cover the linearity 
ranges 3.2-12.8 mg L-1 for vitamin B12.  The tablet excipients was added to these samples in such a 
manner that three solutions contained 50%, six contained 100% and the other three contained 150% of the 
excipients.  Then, all samples were obtained by serial dilution of the working solutions in 25-mL 
volumetric flasks with 0.1N hydrochloric acid.  They were summarized in Table 1.  A test set of six 
samples also was constructed to be used as validation set and shown in Table 2.   
Table 1. Composition of the calibration set
No Vitamin B12 (mg L-1) Excipients (%) 
1 3.2 50 
2 6.4 50 
3 12.8 50 
4 3.2 100 
5 6.4 100 
6 12.8 100 
7 3.2 100 
8 6.4 100 
9 12.8 100 
10 3.2 150 
11 6.4 150 
12 12.8 150 
Table 2. Composition of the validation set
No Vitamin B12 (mg L-1) Excipients (%) 
1 3.2 100 
2 6.4 50 
3 6.4 150 
4 3.2 150 
5 12.8 50 
6 6.4 100 
2.4. Commercial sample preparation 
The commercial pharmaceutical formulation was considered and evaluated by the proposed 
procedure.  In this case, groups of 20 tablets were weighed, finely powdered and mixed.  Portions of the 
powder equivalent to about 150 Pg of vitamin B12 were accurately weighed and transferred to 25 mL 
volumetric flasks using 15 mL of 0.1N hydrochloric acid as solvent.  After being shaken by sonication for 
30 min, the flasks were made up to volume with the same solvent.  The preparation was analysed in six 
replicate.
3. Results and Discussion 
3.1. Spectral features 
The absorption spectra of solutions of vitamin B1, B6, B12 and tablet excipients in 0.1N hydrochloric 
acid are shown in Figure 1 over the wavelength range 200-800 nm.  As can be seen, the region 200–353 
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nm is uninformative because of highly interference in the spectra with vitamin B1 and B6.  The analysis of 
the spectra suggests that a convenient working region is 354–600 nm (because the absorbance of the 
wavelength after 353 nm of vitamin B1 and B6 was zero and the absorbance of the wavelength after 600 
nm was under 0.05), although certain degree of spectral overlapping between vitamin B12 and the 
excipients still persists.   
Fig. 1. Electronic absorption spectra of vitamin B1 (160 mg L-1), vitamin B6 (160 mg L-1), vitamin B12 (160 mg L-1), and tablet 
excipients in 0.1N hydrochloric acid 
3.2. Full-spectrum PLS modeling 
PLS is a standard multivariate regression method for building the regression model based on the latent 
variable decomposition and it was developed by Herman Wold in 1966 [13]. The assumption of a PLS 
model is that it is to find a few latent variables (also referred to as factors or principal components) of 
spectral matrices that will produce score values that both summarize the variance of observed explanatory 
variables (i.e., spectral bands) well and are highly correlated with response variables (i.e., concentration 
of analytes).  For construction of full-spectrum PLS model, the absorption spectra for the calibration 
samples were chosen in the wavelength range of 354-600 nm and then subjected to PLS analysis.  A 
cross-validation method, using leave one out, was applied to select the number of principal components 
(PCs) in PLS algorithm.  The cross-validation procedure consists of systematically removing one of the 
training samples in turn, and using only the remaining ones for construction of the latent factors and 
regression.  The predicted concentrations were then compared with the actual ones for each of calibration 
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Where yˆ and y are predicted and true concentrations in mg L-1, respectively. 
The PRESS was computed in the same manner, each time a new principal component was added to the 
PLS model.  The method described by Haaland and Thomas [14] was used for selecting the optimum 
number of PCs.  Nine PCs were found suitable for PLS models of vitamin B12.  Once the calibration PLS 
models were built by PLS_Toolbox 2.0 program with these optimum parameters, these were used to 
predict the concentration of validation samples and shown in Table 3.
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The root mean square error in prediction (RMSEP) also was calculated to measuring the performance 
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Where N is the number of validation samples. 
Table 3. Results obtained for the analysis of vitamin B12 when applying full-spectrum PLS and GA-PLS model to the validation 
samples 
Statistic parameters Full-spectrum PLS GA-PLS 
Mean recovery, % 119.27 101.43 
Relative standard relation (RSD), % 6.15 2.83 
RMSEP 1.27 0.18 
3.3. GA-PLS modeling 
GA is an intelligent selection technique based on the principles of natural evolution and selection.  It 
has been developed by Holland [10] in 1975.  To analyze the data using GA, a first population of random 
subsets of the wavelength variables was generated.  The subset of wavelength variables whose values are 
to be optimized is termed a chromosome, and the individual wavelength variables are called genes.  Each 
chromosome represents possible or candidate solutions of the problem.  In order to applying GA, the 
chromosomes are generally coded as binary strings of digits, with a length corresponding to 247 
wavelengths (in the range 354-600).  A value of “1” is that the wavelength was selected as being 
important, while the value of “0” implied that the wavelength could be omitted.  According to a 
chromosome, a PLS model is generated using the wavelengths represented by chromosome as well as the 
optimal number of components determined by cross validation on the model containing all the variables.  
Thus an initial value of fitting value such as PRESS value is calculated for each chromosome.  The 
members of the population are ranked according to their “fitness” values.  Fit solutions are allowed to 
“live” and “breed” while unfit solutions “die” and are discarded.  Then, the chromosomes with the best 
fitness values are selected to generate a new set of child chromosomes through the methods of 
recombination and mutation.  The new population formed with the child chromosomes replaces the 
original, and the chromosomes with the best fitness values in the new population are again selected to 
reproduce through recombination and mutation.  This procedure is an iterative evolutionary process in 
search of the chromosome with highest fitness value (minimum PRESS).  The formation of each new 
population represents one iteration of the algorithms and is termed a generation.  The algorithms 
terminate after a fixed number of generations, or when a chromosome with a user-specified level of 
fitness is found [10, 15]. 
In the present work the population size, maximum number of generations, mutation rate and cross-over 
type were optimized by change one separate factor at a time (COST) technique.  At this point, a set of 
parameters that exhibit highest fitness value for the analyte of interest has been selected as the optimum 
number.  The summary specifications for GA listed in Table 4.   
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Table 4. Genetic algorithms parameters and specifications 
Parameters Specifications 
Population size 64 
Maximum number of generations 100 
Mutation rate 0.005 
Cross-over type Double point 
Afterwards, the value of the adjustable parameters of GA was applied to execute GA and GA 
procedure was repeated 15 times to obtaining the optimum set of wavelength.  The variables were 
selected according to the percentage of frequency of their selection.  The plot for frequency of selection 
from 15 runs of GA was shown in Figure 2.  The threshold of 80% was used for this compound.  After 
GA, 33 wavelengths were selected for vitamin B12.  The absorption spectra were subjected to PLS 
analysis.  PLS model for this drug was established by PLS_Toolbox 2.0 program with the optimal number 
of principal components (3 PCs) determined by cross-validation method using leave one out.  For 
accuracy studies, by recovery, six validation samples were analysed.  The recovery values of vitamin B12,
obtained using GA based wavelength selection-PLS calibration model, are shown in Table 3.  It 
illustrated that GA-PLS model offered good mean recovery as well as better values of RSD and RMSEP, 
when comparing with full-spectrum PLS model. 
3.4. Analysis of tablet dosage form 
The GA-PLS model was used to analyse vitamin B12 in pharmaceutical tablets containing vitamin B1,
vitamin B6, and interfering excipients in according with the foregoing procedures.  The content of vitamin 
B12 was found between 102.91 and 114.40 percent of the labeled amount (%LA).  According to the 
United States pharmacopeia 30th ed. (USP 30), the content limits for vitamin B12 in water-soluble 
vitamins tablets are between 90.0 and 150.0 %LA.  
               
            
           
                           
Fig. 2. Frequency of selection of wavelength for vitamin B12
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4. Conclusions 
This work illustrated the GA is very useful tool in wavelength selection and the potential of the 
estimation of vitamin B12 in tablet preparation, which has overlap of the spectra, without prior extraction.  
A validation set of standard mixtures and a commercial sample were employed for testing the accuracy 
and precision of the methods.  Reasonably good recoveries were obtained with GA-PLS for vitamin B12.
The performance of the GA is measured by comparing the RMSEP of the GA-PLS model with the 
RMSEP of the full-spectrum PLS model, which contained all variables.  It leads to 86% improvement of 
predictive ability for vitamin B12, with a considerable reduction in the optimum number of PLS factors.  It                  
is concluded that only some variables in GA-PLS modeling are relevant for prediction and removing the 
non-relevant variables can improve the predictive capability. 
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